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(S) Remote monitoring and controlling system for moving bodies. 

(57) A center control apparatus (1) sequentially 
transmits (2) a request for transmitting infor- 
mation indicating a movement status of an 
associated moving body to the respective mov- 
ing body terminals (3-1,...3-n) at predetermined 
intervals. In response to the request, each mov- 
ing body automatically transmits (5) the move- 
ment status information to the center control 
apparatus. Such information may include a pre- 
sent position of the associated moving body, 
which is obtained by, e.g., a satellite-based 
position detecting device (4,20). 
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The present invention relates to a remote moni- 
toring and controlling of moving bodies such as hu- 
mans, automobiles, aircraft and ships. More specifi- 
cally, the invention relates to the system of the above 
type which is suitable for intensively controlling a plur- 
ality of moving bodies from one location. 

Many companies presently conduct their busi- 
ness activities using automobiles (hereinafter refer- 
red to as "moving bodies") such as trucks, hired cars 
and taxicabs. If a company uses a large number of 
moving bodies, it may be required, in order to efficient- 
ly utilize the moving bodies, to precisely know the op- 
erating status of the respective moving bodies and to 
conduct the transportation management in accor- 
dance with the operating status. 

presently, in most cases, the operation status is 
known by regular-basis communication from drivers 
to headquarters (e.g., transportation center) using a 
telephone, radio communication device, etc., or by 
drivers' daily reports. 

However, in order to efficiently use the moving 
bodies, it is preferable to know their operating status 
on a real-time basis, specifically in such fields as cash 
transportation, load transportation and police. 

While in order to know the operating status of the 
moving bodies it is necessary that each moving body 
communicate with the headquarters to report its sta- 
tus at proper intervals, it is desired that reporting items 
other than the items in which a driver should be in- 
volved be transmitted automatically, to lighten his bur- 
den. 

An object of the present invention is to provide a 
remote monitoring and controlling system of moving 
bodies, which is capable of automatically transmitting 
movement status information of each of a plurality of 
moving bodies in intensively monitoring their move- 
ment status on a real-time basis. 

According to the invention, a remote monitoring 
and controlling system of a plurality of moving bodies 
comprises: 

a center control apparatus comprising: 

means for producing a request signal for 
requesting each of the plurality of moving bodies to 
transmit movement status information indicating its 
own movement status; 

means for sequentially transmitting the 
request signal to the respective moving terminals at 
predetermined intervals; and . 

means for receiving the movement sta- 
tus information sequentially transmitted from the re- 
spective moving body terminals; and 

a moving body terminal, at each of the plurality 
of moving bodies, comprising: 

means, responsive to the request sig- 
nal, for automatically producing the movement status 
information; and 

means for transmitting the movement 
status information to the center control apparatus. 



In the drawings- 
Fig. 1 is a block diagram showing the whole con- 
struction of a remote monitoring and controlling 
system according to the present invention; 
5 Fig. 2 is a block diagram showing the construction 

of a center control apparatus according to the in- 
vention; 

Fig. 3 is a block diagram showing a moving body 
terminal according to the invention; 
10 Fig. 4 is a block diagram showing an example of 
a display; 

Fig. 5 is a flowchart showing an automatic com- 
munication operation between the center control 
apparatus and the respective moving body term I- 
15 nals; 

Fig. 6 is a flowchart showing an automatic com- 
munication operation performed on the side of the 
moving body terminal; 

Fig. 7 is a flowchart showing a total display oper- 
20 ation of moving body information; 

Fig. 8 is a diagram showing an example of a pic- 
ture appearing on the display in the total display 
operation; 

Fig. 9 is a diagram showing an example of a pio 
25 ture in which a movement locus of a moving body 

is displayed; 

Fig. 10 is a flowchart showing an operation of 
searching positions of moving bodies in a speci- 
fied area; 

30 Fig. 1 1 is a diagram showing an example of a pic- 
ture for defining the area of searching moving 
body positions; and 

Fig. 12 is a diagram showing an example of a pic- 
ture in which results of the position search are dis- 
35 played. 

Embodiments of the present invention are descri- 
bed hereinafter with reference to the accompanying 
drawings. 

Fig. 1 is a block diagram of an entire system of re- 

40 motely monitoring and controlling moving bodies. A 
center control apparatus 1 is installed at headquarters 
which are located at a place suitable for operating the 
system under consideration. On the other hand, a first 
moving body terminal 3-1 , second moving body termn 

45 nal 3-2, n-th moving body terminal 3-n are instal- 
led on respective moving bodies which move accord- 
ing to their own operating schedules in a geographical 
area to which the System under consideration is ap- 
plied. Each of the first to n-th moving body terminals 

so 3-1,3-1 3-n detects its own location, for instance, 

on the basis of a position-determining radio signal 
which is sent from an artificial satellite 6 and received 
by a GPS antenna 4, and transmits information on its 
present location to the center control apparatus 1 by 

55 radio communication via antennas 5, 2 or by wired 
communication via commercial lines (a relay station 
7). The center control apparatus 1 displays an image 
containing a map of the operating area and movement 
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information such as present locations of the respec- 
tive moving bodies on the basis of the transmitted in- 
formation on the present locations. 

Each of the above units is described below in de- 
tail. 5 

Fig. 2 shows the construction of the center control 
apparatus 1 . A host computer 9 as a main part of the 
center control apparatus 1 controls not only the entire 
center control apparatus 1 but also the display oper- 
ation according to the invention. Although not shown 10 
in Fig. 2, the host computer 9 can be an ordinary com- 
puter including a CPU, a ROM connected to the CPU 
via a signal bus, a RAM, an I/O port and other parts. 
The ROM stores control programs for the control of 
the entire center control apparatus 1, control pro- 15 
grams for the display operation according to the in- 
vention, and other necessary programs, programs for 
the display operation and data collection and process- 
ing are directly related to the invention, and control al- 
gorithm, of such programs is described below. 20 

Connected to the host computer 9, as I/O periph- 
eral devices, are an input console 10 for entry of nec- 
essary data, a display 1 1 for the display operation, 
and a printer 12 for hard-copying displayed data. Also 
connected to the host computer 9 are a disk memory 25 
or CD-ROM 1 3 for storing collected data and for stor- 
ing in advance map data etc., and a CMT (cassette 
magnetic tape) memory 14 for the system back-up 
etc. Further, a modem 15, communication device 17 
and antenna 2 for exchanging data with the first to n- 30 

th moving bodies 3-1,3-2 ( 3-n are also connected 

to the host computer 9. Where communication with 
the moving bodies is performed via the relay station 
7, commercial lines 1 8 and a modem 1 6 are employed 
between the relay station 7 and the host computer 9. 35 

Fig. 3 shows the construction of the first moving 
body terminal 3-1 . Since the other moving body termi- 
nals 3-2 3-n have the same construction, draw- 
ings and descriptions for those are omitted here. The 
first moving body terminal 3-1 basically acts as a nav- 40 
igation device and a communication device, and its 
main functions are performed by a navigation micro- 
computer 19, which can be an ordinary microcomput- 
er. Although not shown in Fig. 3, the navigation micro- 
computer 19 includes a CPU, ROM, RAM, signal bus 45 
and I/O port. The navigation function and data com- 
munication function are performed in cooperation with 
peripheral devices (described later) while being con- 
trolled by control programs stored in the ROM. 

Further, the first moving body terminal 3-1 has a so 
GPS receiver 20 as a position detecting means. The 
GPS receiver 20, connected to the navigation micro- 
computer 19, receives a position-determining signal 
from the artificial satellite 6 by the GPS antenna 4, and 
provides, based on the received position-determining 55 
signal, the navigation microcomputer 19 with a signal 
indicating a movement distance and a movement di- 
rection of the first moving body. On the other hand. 



separately from the G PS-based position-determining 
device, the first moving body terminal 3-1 has an in- 
dependent position-determining-device, which con- 
sists of a direction sensor 21 such as a magnetic gyro 
and a speed sensor 22 for detecting a vehicle speed 
from, e.g., a rotational speed of a crank shaft of the 
moving body. The navigation microcomputer 19 per- 
forms data processing on the basis of a movement di- 
rection signal from the direction sensor 21 and a 
speed signal from the speed sensor 22, to detect a 
present position of the moving body. Although the first 
moving body 3-1 may have either one of the two pos- 
ition-determining devices, reliability of the position de- 
tecting information will be improved by selecting ap- 
propriate device in accordance with a variation of a 
GPS radio signal state and an environment of the 
moving body. More specifically, the satellite-based 
device has an advantage of not being affected by the 
environment conditions, but will not operate correctly, 
e.g., in a tunnel. Further, the employment of the two 
devices provides an advantage that position-deter- 
mining data of one device can be corrected using that 
of the other device. 

The moving body terminal 3-1 has, as an I/O 
means, an input console 27 and a display 28. Further, 
it has a CD-ROM drive 24 for a CD-ROM 23 which 
stores map data etc. necessary for the navigating op- 
eration. A modem 29, communication device 31 and 
antenna 5 serve to transmit position data of the mov- 
ing body to the center control apparatus 1 and to re- 
ceive a message therefrom. The modem 29 operates 
when communication is performed via the relay sta- 
tion 7. 

Fig. 4 shows an example of the display 1 1 that is 
installed in the center control apparatus 1. In large- 
scale transportation systems, it may be the case that 
the moving bodies are controlled by a plurality of op- 
erators. In such a case, it would be convenient that the 
positional information, map, etc. be displayed on a 
large screen to share those by the operators, instead 
of displaying those on individual displays for the re- 
spective operators. The large screen may be con- 
structed by projection TV units arranged in matrix 
form. In this case, if an image is simply enlarged while 
the pixel density (516 scanning lines in the case of 
usual CRT displays) is kept unchanged, the enlarged 
image on the display 1 1 will become too thin. There- 
fore, it is required to increase the pixel density. To this 
end, the original image is divided into a plurality of 
sub-images corresponding to the respective projec- 
tion TV units of the display 11, and necessary inter- 
polation is performed. A down-converter 32 converts 
a computer image signal having non-interlaced scan- 
ning and a higher horizontal frequency of 24-70 kHz 
into an interlaced scanning image signal of an ordi- 
nary TV system. A multi-converter 33 divides the re- 
sultant signal into image signals for the respective TV 
units. 
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Next, the remote monitoring of the respective 
moving bodies is described. First, referring to Fig. 1, 
the total operation of the remote monitoring and con- 
trolling system of moving bodies Is briefly described. 

The center control apparatus 1 transmits, at ap- s 
propriate time intervals, a request for transmitting 
movement status information (i.e., a request for re- 
porting an own status) to the first to n-th moving body 

terminals 3-1 , 3-2, 3-n via the path of the antenna 

2, antenna 5 and each of the first to n-th moving body 10 

terminals 3-1 , 3-2 3-n. For instance receiving the 

position-determining radio signal from the artificial 
satellite 6, each of the first to n-th moving body termi- 
nals 3-1, 3-2 , 3-n detects its present location. In 

response to the above transmission request from the 15 
center control apparatus 1, each of the first to n-th 

moving body terminals 3-1, 3-2, 3-n sequentially 

transmits its own present position detecting data via 
the path of the antenna 5, antenna 2 and center con- 
trol apparatus 1 or via the path of the antenna 5, an- 20 
tenna 8, relay station 7 and center control apparatus 
1 . Collecting the position detecting data from the first 

to n-th moving body terminals 3-1, 3-2 3-n, the 

center control apparatus 1 performs necessary data 
processing and displays positions of the respective 25 
moving bodies. 

Automatic Communication Operation 

Fig. 5 is a flowchart showing an automatic com- 30 
munication operation between the center control ap- 
paratus 1 and the respective moving body terminals. 
As shown in Fig. 5, in step 300, a moving body com- 
munication number and a time interval of communica- 
tion between the center control apparatus 1 and the 35 
moving body terminals are initialized. As described 
below, the host computer 9 of the center control ap- 
paratus 1 sequentially transmits, at the intervals as 
set above, a transmission request to the first to n-th 

moving body terminals 3-1, 3-2 3-n, and further 40 

processes return data sent from the first to n-th mov- 
ing body terminals 3-1, 3-2 t 3-n. 

A repeating routine from moving body number 1 
to number n is set in steps 301 and 310 with an incre- 
ment of one, to send the transmission request to all 45 
the moving bodies in the processes of one loop. In 
step 302, a communication circuit is established, 
which is either a radio transmission circuit between 
the antennas 2 and 5 or a circuit including the com- 
mercial lines 18, relay station 7, antennas 8 and 5. so 
Then, in step 303, the request for the position detect- 
ing data is transmitted to the moving body of number 
1 (i.e., first moving body terminal 3-1). In step 304, it 
is judged whether there exists data to be transmitted 
together, which may be, for instance, an operating 55 
schedule necessary for the operation of the moving 
body and traffic information. If the judgment result is 
"yes", a message is transmitted in step 305. If it is 



"no", the process jumps to step 306. 

Fig. 6 is a flowchart showing an operation per- 
formed on the side of each of the first to n-th moving 

body terminals 3-1, 3-2 3-n. In step 500, it is 

judged whether a transmission request has been re- 
ceived from the center control apparatus 1 . Having re- 
ceived the transmission request, the first moving body 
terminal 3-1 transmits to the center control apparatus 
1 position detecting data which is obtained, for in- 
stance, by the satellite 6 and GPS receiver 20. If there 
exists a message to be transmitted from the first mov- 
ing body terminal 3-1 to the center control apparatus 
1, that message is transmitted in step 502 together 
with the position detecting data. If it is confirmed in 
step 503 that all the transmission has been complet- 
ed, the return-transmitting operation in the first mov- 
ing body terminal 3-1 is finished. The above series of 
operations are sequentially performed in the first to n- 

th moving body terminals 3-1, 3-2 3-n in the same 

manner in accordance with the increment in step 310 
(Fig- 5). 

Returning to Fig. 5, it is judged in step 307 wheth- 
er there exists a message sent from.the first moving 
body terminal 3-1. If the judgment result is "yes", the 
message is received in step 308, and the communk 
cation is disconnected after necessary processes are 
performed. Then, in step 310, moving body number is 
increased by one to perform processes of the trans- 
mission request and the message reception for the 
moving body of number 2 (i.e., moving body terminal 
3-2). 

In the above manner, the center control appara- 
tus 1 transmits the transmission request to the first to 
n-th moving body terminals 3-1, 3-2 , 3-n at prede- 
termined intervals on a regular basis. Upon reception 
of the request, the first to n-th moving body terminals 

3-1, 3-2 , 3-n automatically transmits the position 

detecting data and message to the center control ap- 
paratus 1. Then, receiving those data and message, 
the center control apparatus 1 performs necessary 
data processing. The data thus processed are used to 
display the present positions of the respective moving 
bodies and, if necessary, their operating status. 

Total Display Operation of Moving Body Information 

Fig. 7 is a flowchart of the total display operation 
of the moving body information. This algorithm is stor- 
ed in the form of control programs in the ROM of the 
host computer 9 that is installed in the center control 
apparatus 1. 

Referring to Fig. 7, in step 100, it is set that the 
display operation constitutes a loop which perma- 
nently continues to work until an end instruction is pro- 
vided. Then, in step 101, the position data from the 

first to n-th moving body terminals 3-1, 3-2, 3-n 

are taken in. In step 102, it is judged whether the dis- 
play mode is "total display". In the "total display" 
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mode, there is displayed the positions of the respec- 
tive moving bodies over the entire operating area 
which is a jurisdictional area of the center control ap- 
paratus 1 . If the judgment result of step 102 is "yes", 
the process proceeds to step 103, where a map of the 5 
entire operating area is displayed on the display 11. 
Data of this map is read out from the disk memory 13 
shown in Fig. 2. Then, in step 104, the positions of the 
respective moving bodies are displayed on the dis- 
play 11, that is, superimposed on the map. Fig. 8 10 
shows an example of a picture to appear on the dis- 
play 11. 

As shown in Fig. 8, a displayed picture consists 
of a map display area A on the left side and a guidance 
display area B on the right side. Guidance for opera- 15 
tors is displayed in the guidance display area B. 

Returning to Fig. 7, while making control to dis- 
play positions of the respective moving bodies on the 
map, the host computer 9 executes a waiting process 
(step 105) for the communication with the first to n-th 20 

moving body terminals 3-1, 3-2, 3-n. Then, the 

process returns to step 1 01 to repeat the above. 

Where the judgment result of step 102 is "no", the 
process goes to step 106 for judging whether the 
mode of displaying a position of each moving body is 25 
to be effected. If the judgment result of step 106 is 
"yes", the process goes to step 107 for displaying a 
map of an area around the location of a specified mov- 
ing body on the basis of position data of that moving 
body. Then, In step 108, the position and related data 30 
of the specified moving body are superimposed on the 
map. 

Where the judgment result of step 106 is "no", the 
process goes to step 109. In step 109, it is judged 
whether the "locus display" mode of displaying a 35 
movement history, i.e., a locus of a moving body un- 
der attention is to be effected. If the judgment is affir- 
mative, the process goes to step 110, where move- 
ment history data representing present and past pos- 
itions of the moving body under attention are read out 40 
from the RAM of the host computer 9, and continuous 
locus data is generated. Then, the process goes to 
step 111, where a movement locus of the moving 
body under attention Is displayed togetherwith a map. 
Fig. 9 shows an example of a picture appearing on the 45 
display 11, where the movement locus of the moving 
body under attention until the present time is indicated 
by hatching. 



Search Display Operation of moving Body 
Information 



so 



The above total display operation is for the case 
of displaying positions of the moving bodies in the en- 
tire operating area, I.e., the jurisdictional area of the 55 
center control apparatus 1 . On the other hand, it is of- 
ten desired that positions of the moving bodies in a 
particular region of the entire area be known. Fig. 10 



is a flowchart of searching positions of the moving 
bodies in such a case.. 

prior to the position search, a picture as shown in 
Fig. 11 is first displayed on the display 11. Referring 
to Fig. 1 0, when an operator inputs search center data 
to the host computer 9 through the input console 10, 
the search center data thus input is taken in in step 
200. Then, the operator inputs through the input con- 
sole 10 search distance data to specify a search dis- 
tance, i.e., to define the search area. As a modifica- 
tion, where no search distance is specified, a moving 
body nearest to the search center may be searched 
for. Next, in step 202, a search operation is started 
with a moving body number set to 1 and a minimum 
distance, e.g., at 40,000 km. The search is conducted 
by repeating processes of steps 202-209 while the 
moving body number is started from 1 and sequential- 
ly increased by one in step 210. Latest position data 
of a moving body of number 1 is taken in in step 203, 
subjected to coordinate conversion in step 204, and 
a distance between the moving body of number 1 and 
the search center is calculated in step 205. In step 

206, it is judged whether the calculated distance value 
is smaller than the present minimum distance. At the 
initial stage where there is no data prior to that of the 
moving body of number 1, the judgment result of step 
206 should be "yes", and the process goes to step 

207. In step 207, the moving body of number 1 is set 
as a moving body located at a minimum distance pos- 
ition. Therefore, for the next moving body of number 
2, the judgment of step 206 is made with the distance 
of the moving body of number 1 as the minimum dis- 
tance. In step 208, it is judged whether the subject 
moving body of number 1 is located within a circle 34 
(see Fig. 1 1) whose center and radius are the search 
center (step 200) and the search distance (step 201). 
If the judgment is affirmative, the moving body num- 
ber 1 is stored in step 209 as search-result data. If, on 
the other hand, the judgment is negative, the process 
jumps to step 210, where the moving body number is 
increased by one to deal with position data of the next 
moving body of number 2. In the same manner, the 
processes of steps 202-210 are repeated. When such 
processes have completed for all the moving bodies, 
the process goes to step 211. In step 211, the mini- 
mum distance data among the stored distance data of 
the respective moving bodies is extracted. Then, in 
step 212, the data of the minimum distance moving 
body (i.e., the moving body closest to the search cen- 
ter) is displayed. 

Fig. 12 shows an example of a displayed picture 
in which a circle 34 of the search area is defined in the 
processes of steps 202-210 and the moving bodies of 
numbers 1 and 3 exist within that area. In the picture 
of Fig. 12, the circle 34 indicating the search area and 
the moving body positions are displayed togetherwith 
a map in the map display area A, and data related to 
these moving bodies are displayed in the guidance 
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display area B. 

As described in the foregoing, according to the in- 
vention, when the center control apparatus requests 
the moving body terminal to transmit its movement 
status information, the moving body terminal, re- s 
spending to that request, automatically transmits its 
movement status information to the center control ap- 
paratus. As a result, the operation of a plurality of 
moving bodies can be controlled more efficiently with- 
out burdening a driver. 10 



Claims 

1 . A remote monitoring and controlling system for a 15 
plurality of moving bodies, comprising: 

a center control apparatus (1) comprising: 
means (9) for producing a request 
signal for requesting each of the plurality of mov- 
ing bodies to transmit movement status informa- 20 
tion indicating its own movement status; 

means (2,15,17;16,18) for sequen- 
tially transmitting the request signal to the respec- 
tive moving terminals at predetermined intervals; 
and 25 

means (2,15,17;16,18) for receiv- 
ing the movement status information sequentially 
transmitted from the respective moving body ter- 
minals; and 

a moving body terminal (3-1, ...3-n), at 30 
each of the plurality of moving bodies, compris- 
ing: 

means (19), responsive to the re- 
quest signal, for automatically producing the 
movement status information; and 35 

means (5,29,31) for transmitting the 
movement status information to the center control 
apparatus. 

2. The system of claim 1, wherein the moving body 40 
terminal further comprises means (4,20;21,22) 

for detecting a present position of an associated 
moving body to produce positional information, 
and wherein the movement status information in- 
cludes the positional information. 45 

3. The system of claim 2, wherein the position de- 
tecting means comprises: 

an antenna (4) for receiving a position-de- 
termining signal transmitted from a GPS satellite; so 

a GPS receiver (20) for producing a move- 
ment distance signal and a direction signal based 
on the received position-determining signal; and 

data processing device (19) for producing 
the positional information of the associated mov- 55 
ing body based on the movement distance signal 
and the direction signal. 



4. The system of claim 2, wherein the position de- 
tecting means comprises: 

a speed detecting device (22), provided in 
the associated moving body, for detecting a mov- 
ing speed of the associated moving body to pro- 
duce a speed signal; 

a movement direction detecting device 
(21), provided in the associated moving body, for 
detecting a moving direction of the associated 
moving body to produce a direction signal; and 

a data processing device (19) for produc- 
ing the positional information based on the speed 
signal and the direction signal. 

5. The system of claim 1 , wherein the center control 
apparatus transmits the request signal and re- 
ceives the movement status information in the 
form of a radio signal. 

6. The system of claim 1 , wherein the center control 
apparatus transmits the request signal and re- 
ceives the movement status information via a re- 
lay station (7) and commercial telephone lines 
(18). 
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